Introduction and hypothesis This study describes pelvic organ support after childbirth. Methods This ancillary analysis of the Childbirth and Pelvic Symptoms Imaging Study compares pelvic organ prolapse quantification 6-12 months after childbirth among three cohorts of primiparous women: vaginal delivery with sphincter tear (n=106), vaginal delivery without sphincter tear (n=108), and cesarean without labor (n=39).
Introduction
Pelvic organ prolapse affects a large portion of adult women. Studies suggest that approximately half of women undergoing routine gynecologic examination demonstrate some evidence of prolapse [1, 2] . Epidemiologic studies consistently identify parity as an important risk factor for the development of pelvic organ prolapse [2] [3] [4] [5] . However, it is unclear whether this loss of pelvic organ support is attributed to delivery or pregnancy itself. Some studies associate prolapse with pelvic floor injury sustained during vaginal delivery and suggest cesarean delivery may decrease the risk of pelvic organ prolapse [6] [7] [8] . Cesarean delivery as a potential prevention strategy remains unproven.
The goal of this study is to describe pelvic organ support 6-12 months after a first vaginal or cesarean delivery. This study is a secondary analysis of data collected for the Childbirth and Pelvic Symptoms Imaging Study (CAPSIS) [9] , focusing on the results of structured examinations for pelvic organ support among primiparous women 6-12 months after a first delivery.
Materials and methods
This study is a secondary analysis of data collected for the Childbirth and Pelvic Symptoms (CAPS) Study [10] , which was the parent study of CAPSIS [9] . Both of these studies were performed through the Pelvic Floor Disorders Network (PFDN), a cooperative agreement network sponsored by the Eunice Kennedy Shriver National Institute of Child Health and Human Development and the Office of Research on Women's Health.
CAPS (September 2002-March 2005) [10] was a prospective cohort study of postpartum fecal and urinary incontinence in primiparous women who sustained clinically recognized anal sphincter tears during vaginal delivery. The methods of the CAPS study were previously reported [10] . Three cohorts of women were enrolled immediately postpartum. The primary cohort consisted of primiparous women with a recognized anal sphincter laceration following vaginal delivery. The second cohort consisted of controls with a vaginal delivery not complicated by an anal sphincter laceration. This cohort was recruited from the next consecutive primiparous patient who delivered following a subject enrolled into the laceration cohort. The third cohort consisted of primiparas who underwent a cesarean section without labor. Women were recruited while in the hospital after delivery and interviewed by telephone 6 weeks and 6 months postpartum. Each PFDN institution, including the data-coordinating center at the University of Michigan, received Institutional Review Board (IRB) approval for the protocol and all participants provided written informed consent. The CAPS study enrolled 921 primiparous women: 407 with clinically recognized tear, 390 without recognized tear, and 124 with cesarean before labor.
The CAPS population did not undergo a physical examination, and therefore, pelvic organ support was not documented among the 921 CAPS participants. However, CAPS participants were also invited to join the CAPSIS study, a supplementary study designed to estimate whether symptoms of fecal incontinence are associated with imaging findings, including endoanal ultrasound and magnetic resonance imaging (MRI). The CAPSIS study included a physical examination, with a structured assessment of pelvic organ support. Therefore, we used data from the CAPSIS population to investigate postpartum pelvic organ support in these three cohorts.
The methods of the CAPSIS study were previously published [9] . Subjects in this study were recruited from women enrolled in the CAPSIS study at the final CAPS visit. Separate IRB approval and written informed consent was obtained for this study. The CAPSIS study correlated standardized imaging (MRI and endoanal ultrasound), physical examination findings, including pelvic organ prolapse quantification (POP-Q) [11] , and symptom assessment. The planned sample size for the CAPSIS study was 255. Ultimately, 256 women participated in CAPSIS (109 women in the sphincter tear group, 108 in the vaginal control group, and 39 in the cesarean control group).
The analysis reported in this study is a planned secondary analysis of CAPSIS data. Pelvic organ support data for this investigation were obtained from the CAPSIS physical examination, which was performed 6-12 months after delivery and included a structured assessment of pelvic organ support, according to the POP-Q system [11] . Age and race were self-reported at baseline. Body mass index was calculated from measurements of height and weight obtained at the 6-12 month examination. The infants' birth weights were abstracted from the hospital record.
Descriptive statistics are provided regarding pelvic organ support. For each birth cohort, support was classified by stage (according to the POP-Q system). In addition, we calculated the proportion of women with prolapse to or beyond the hymen. The sample size for this ancillary study was determined based on enrollment into the parent study. We used Fisher exact test to compare the proportions of women with prolapse to or beyond the hymen in the three groups. Finally, for each POP-Q measure, we calculated the median value and standard deviation for each cohort of women.
Results
A total of 256 primiparous subjects were enrolled in CAPSIS. This secondary analysis includes data from 253 women (98.8%). Characteristics of the population are summarized in Table 1 . All groups were similar with respect to age, postpartum body mass index (BMI), and race, with the majority being Caucasian. Mean infant birth weight was lower in the vaginal delivery without sphincter tear group as compared to the other cohorts.
Pelvic organ support stage at 6-12 months postpartum is shown in Table 2 . Almost one third of participants had stage II support (31.2%). Prolapse beyond the hymen was present in all three cohorts. Specifically, the most dependent point of the vaginal wall was to or beyond the hymen in 15 of 105 of those who delivered vaginally with a sphincter tear (14%; 95% confidence interval (CI) 8%, 22%), 16 of 104 of those who delivered vaginally without a sphincter tear (15%; 95% CI 9%, 24%), and two of 39 of those who delivered by cesarean without labor (5%; 95% CI 1%, 17%). The difference between groups was not significant (p=0.23). In a post hoc analysis, we calculated that a sample of 132 women per group would be required for 80% power to test the difference between 5% and 15% prevalence of prolapse between two groups.
The individual POP-Q measures are shown in Table 3 . There is a trend toward poorer support of the anterior vaginal wall in the vaginal delivery cohorts as compared to the cesarean without labor. However, other measures appear to be similar among cohorts.
Discussion
In this study, we describe the range of pelvic organ support in three cohorts of postpartum women. Our findings add to the scarce published information about objectively measured pelvic organ prolapse following the first delivery. In a PubMed literature search of publications through December 2008, we found only three manuscripts that objectively quantified prolapse in the first year after the first delivery using the POP-Q system [12] [13] [14] . Sze and colleagues [12] found postpartum prolapse, defined as stage II or worse, in 50 women (52%) 6 weeks after delivery. Similarly, O'Boyle and colleagues [13] found stage II support in two thirds of 62 primiparous women examined 5-22 weeks postpartum. We found stage II support in only one third of postpartum women. Thus, our results are somewhat more encouraging with respect to postpartum pelvic organ support. The differences may be due to the timing of the postpartum examination. Women in this study were not examined until they were at least 6 months from delivery and it is possible that a higher proportion of advanced stage pelvic organ support would have been observed earlier in the first year after delivery. Longitudinal studies, describing changes in pelvic organ support during pregnancy and the first year postpartum, would help to clarify the natural history of pelvic organ support related to childbirth.
We also considered pelvic organ support at all measured sites. The most striking finding was the relative absence of anterior vaginal wall prolapse among women who had undergone cesarean without labor. Among 39 women examined, all women had point Aa at least 2 cm above the hymen. In contrast, the median support observed in the other two comparison groups was 2 cm above the hymen, indicating that at least 50% of women delivered vaginally had prolapse beyond that point. It remains to be seen whether these small absolute differences in anterior wall support will translate into clinically meaningful prolapse later in life. It is important to note that we did not observe clinically significant apical prolapse in this population.
Similar to Zhu et al. [14] , we observed a low prevalence of prolapse after cesarean delivery. We found prolapse to or a Two subjects refused to answer the question beyond the hymen in only 5% of women who had undergone cesarean without labor. The 95% confidence interval for prevalence of prolapse to or beyond the hymen is between 1% and 17%. Thus, cesarean delivery was not completely protective. However, our findings cannot be attributed with certainty to delivery method, since some women may have developed prolapse before delivery or pregnancy and prolapse was not assessed prior to delivery in this population. For example, O'Boyle found that POP-Q stage was higher in the third trimester than first trimester but did not change significantly following delivery [13] . Thus, postpartum changes cannot with certainty be attributed to mode of delivery or intrapartum events. Furthermore, our sample size was not sufficiently large to exclude a significant difference between groups. Our findings argue for larger studies to conclusively study pelvic organ support after childbirth and specifically to address possible differences between cesarean and vaginal birth. Our study is unique because of the relatively large numbers of participants who underwent cesarean prior to labor and because we examined a large number of women who had sustained obstetrical sphincter tears during labor. Strengths of our study include the objective assessment of prolapse and that examiners were masked to delivery type. While our numbers are too small to allow statistical comparisons among groups, information from our population doubles that currently available in the literature in this area and provides preliminary data that will facilitate the planning of future studies. Specifically, further research would be required to determine whether cesarean delivery before labor reduces the incidence of pelvic organ prolapse and to investigate the prognostic significance of support defects and symptoms noted in the early postpartum period. Support is described in centimeters at each point for the pelvic organ prolapse quantification examination. Data represent median (intraquartile range)
